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PREFACE

The study reported herein was conducted by personnel of t h e  U. S.

Army Engineer Waterways Experiment Station (WES) from September 1.976

through August 1977. The study was conducted under Department of the

Army Projec t 4A762720A896, Il Environmental Quality for Const ruc ti oii and

Operation of Military Facilities ,” Task 01, “Environmental Quali ty

Management for Military Facilities,” Work Unit 003, “Remote Sensing of

the Environment,” sponsored by the Directorate of Military Construct ion,

O f f i c e , Chief of Engineers, U. S. Army .

The study was conducted under the general supervision of

Messrs. W . C. Shockley, Chief , Mob ility and Environmental Systc~n~
Laboratory , and Mr. B. 0. Benn, Chief , Environmental Systems Division .

The study was direc ted by Dr. L. l .  Link, Chief , Environmen tal Research

Branch (ERB). The work reported herein was accomplished by Mr. George

Schabillion, Agr onom is t, ERB, and Dr. Link. The report was prepared by

Dr. Link. Acknowledgment is made to Mr. Ron Tulcher , Environmental

Section, and Mr. Lester Arms , Chief , Mapping Section , U . S. Army Engineer

District , St. Louis, Missouri , for their assistance in finding pertinent

materials for the study.

l)irector of the WES during this stud y was COL J. L. Cannon , CE.

Technical Director was Mr. F. R. Brown .
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AN EXAMPLE OF APPLYING REMOTE SENSING I U A

CORPS OF ENGINEERS ARCHEOLOGICAL PRObLEM

PART I :  INTRO DU ( .I  ION

1. Perhaps  one I t  h i t  most ci te ctive ways th u  ::idt rn man has to

examine the effects 01 m a n — c a u s e d  environm ental changes i s  to s tudy  in

du t a  i i  what  our 1 o r e f at i t e r s  have done to m d i  f y t h e  e a r t h  and t i u t  1.~~t—

ing impacts  of those r o d i t  i c a t i o t i s .  With r . t p i . i  u r b a n i z a t i o n , changes in

land use , and new con~~1 ru c t i o n  a c t i v i t y  being common e v e nt s , it is

c r i t i ca l  that  sources I t  i n f o r m a t i o n  concerning past e . e n t s  l’t - r e  rved

whenever  possible.  This e n ta i l s  loca t ion  and identification of such

th ings  is old settlements and sites of archeological si gnifi cance before

they are i n a d v e r t e n t ly d e s t r oy e d .  T h i s  is particularly important in ~~~u

c 1si of activit ies such is major construction cr militar : tr a inin g which

arc destructive to  the terrain. Our moral obli gation t pre~~ rve the

det ails of the past has been recognized by Con:~ress , which has e na c t e d

leg i s la t ion  to ensure tha t our h i s t o ry  is preserved . The requirements

f o r  h i s t o r i c  p r e s e r v a t i o n  are  ou t l ined  in  C h a p t e r  8 of Army ht g t i l a t i o n

AR—2 00—1 , C2 , E n v i r o n m e n t a l  Q u a l i t y ,  Environmental Protection and

Enhancement. Thus , prior to a major project such as construction of a

levee or water impoundmen t , construction of large buildin gs at a mi litaTv

post , or changing the land use within a specified area , It is imp rtant

that an effort be made to survey the areas to be affected to deteri:iine

whether any sitts or features of archeolog ical significance are present.

2. Aerial pho tog raphy  has been used in mans’ cases (both in l l i i r o j n -

and t h e  t n  i t e u l  S t a t e s )  to i d e n t i f y  a rcheolog i c a l  s i t e s .  The work  i n  the

U n i t e d  Stutcs has inc luded  d i scovery  of p r e h i s t o r i c  roadways in  ~:t w

M e x i c o , e a r t h w o r k  s i t es  in the Ohio V a l l e y ,  abor i g ina l  in d i a n  l ish t r a ps

on t h e  Potoma c R i v e r , and -i P r t — ,\ r i k a ra  f o r t  ii ied villa ge site (end of

:

~ 

. ~~~--  --



first millenium A .D.) along the Missouri River. The fortil led village

aite  was an especially su rp r i s i ng  f i nd  s ince both sides of t h e  M i s sou r i

River had been e x a i . i n e d  in tensively  by a rcheologis t s  for  a quar ter  of a

cen tury . * The synopt ic  view a f f o r d e  by r e m o t e l y  sensed imagery  and L h ~
increased a b i l i t y  to grasp  the signif i. ‘l ic e and i .  lation ol t e r ra i n

f e a t u r e s  provided  by a synop t i c  perspec t ive  can t i t u s  r e -~u L L  in d i s cov e r y

of f ea tu re s  previously  unsuspected or over looked  by conventional ground

surveys. In addition , if uapp ing quality sensors are used , t i l e  i t n a g e t y

provides a p ericintut record  b r  l a t e r  use and an e xcel l e n t  base f I r

mapp ing.

Purpose and oj~~

i. The purpose of this report is to document a study tlia~ I l lus -

t r at e s  the  a p p l i c a b i l i t y  of convent iona l remote sensor imagery fo r

obtaining archeological  i n f o r m a t i o n  re levant  to a Corps of E n g i ne er s

c o n s t r u c t i o n  p ro jec t .  The s tudy  was intended to exempl i fy  the type of

archeolog ica l da ta  acquis i t ion problem tha t  mi ght con f ron t  f a c i l i t i es

managers at m i l i t a r y  instal1~~t ions as well  as Corps d i s t r i c t  o f i lc e s .

~~ . A proposed levee improvement pro jec t  by the  C . S. A r m y  Corps

of Engineers District , St. Louis, was planned for an area of Kaskaskia

Island , south of S t .  Genevieve , Missour i .  The major  concern was t h a t

construct ion of the projec t might d i s tu rb  or cover up remnants of a

h is tor ic  French village called Old Kaskaskia. As such , the object of

the WES e f f o r t  was to establish the  location of any port ion of Old

Kaskaskia that  s t i l l  exists.

5. The fol lowing paragraphs document the conduct and resul ts  of

the WES study. The general approach taken was to obtain any avai lable

informat ion  concerning the conf i g u r a ti on  of the area when the town of

Old Kaskaskia was inhabi ted .  This informat ion  was used in con j unct ion

wi th  recent aerial photography to es tab l i sh  the present  s t a tu s  of

* Manual of Remote Sensing,  Am er ican  Society of Photogrammetry,
Falls Church , Va . ,  1975

_________________



Old Kask aski~i. The stud y prov ides a good example oh how th e  b a s f c
principles discussed in Append ix A , Remote Sens i f lg  of Archeological
Fea tures , can be used to ob ta in  va luab le  inform at ion concerninE an
archeological f ea tu re  of i u t er t s t  to  t h  Corps.
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PART II: IJOCCMENTATION OF STUDY

Informa tion eu

~~~. information concerning the original and pre sent status 1 the

Old Kaskaskia town S i t e  was obta ined  ur ~~. i nc ho l lowing  source .:

a. U .  S. .t r: :’ , Engineer D i s t r i c t , St .  Louis

b . ~k . M ar gr e t  K i m b a l l  h z o w ; i , h u r t  de Ch a r i r e s  His tor ical
Site , St. C e n ev i e v e , Missour i

c. Illinois Department o~ T r a n s p o r t a t io n

d. Clerk and u~ecorder of -~andul p l~ (I Iu i i l tv , Chester , 11 lino i

Universit’: of M i s so u r i

f. Missouri School of :•hines

~~~ . Southeast  Missouri Regiona l P l a n n i n g  Commission

7. Inquiries with~ the above sources resulted in th . foil vin

information that was used to assist in determining t h e  current  s t a tus  of

Old Kaskaskia :

~~~. May 1974 aerial photograp h’:, a p r ;.: :,:ut~ s c a l e  I :~ 
- , 000

b. February 1973 aerial p h o t o g r ap h ’.- , a p p r o x i m a te  seal ..
1:24,000

c. January 1970 aerial photography, approximate scale
1:12 ,000

d. Story of Old St. Genevieve , Gregory . Franzwa , Patr ice
Press Inc., St. Louis, Missouri , 1967

e. Board of Examination and Survey of Mississippi River
Chart  No. 7, 1908

f .  Mississipp i River Commission Char t  No. 110 , 1880

~~~. A 1771 map by “ the H u t c h i n s ” published in London by u

of Pa r l i ament , November 1778.

8. Based on the reference mater ia ls  ob ta ined , the town of Old

Kaskaskia was the  s i te  of a long—standing Indian village which in 1673

contained up to 74 cabins. By 1700 it became a center of trade , com-

ple te with its own French missionary. By 1719 the town was so crowded

that the Indians were ordered out , and they founded a new village about

5 mi1es~ up the Kaskaskia River. In 1809 Old Kaskaskia was the capital

* To convert to metric (SI), m u l t i p l y  miles (U. S. statute) by
1.609344 to obtain kilometres .

6
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L)~ tile Illin ois Ler r it o r y  and in ISIS it was ; . % l . e  ~ tile cap ital of the

state of I l l i no i s .

~~. b l ue beginning ot the end fo r  u~. .i t:aska~ kia occurred in the

flood of 1881 when the meander ing  ioi i~~-.ipp i River i u u t e r c e r t e d  tile

Kaskaskia R ive r  at a p o i n t  a p j u r o s i m a t e l ’ . l v ’  ::ujIe~. above the town . l it e

town f o l k  soon abandoned t h e  town Site and moved to a s a f e r  location

where the  Levi; of Kaskaskia is c u r r e n t l y located .

10. The Mississ ippi  ~ ver  Commission Chart  :.~~ . 110 had the - best

in format ion  found on t h e  s t a t u s  of o ld  Ka~,ka~~.i.i in l~~bO. Figur e 1

shows the p e r t i n e n t  por t ion  of tha t c h a r t .  t.~a~u ina t ion  of the  f igure

shows tha t  Old Kaskaskia was !e.atod on ti ~ Kaskaskia Eiv, r a short

d i s t a n c e  f rom t i te  Mi ssi s sipp i R i v e r  which f l o w e d  around the w e s t  s i de  of

what is now known as K.is~~as~.i a  Island . The , S t re et  ~i a t t ~~r i i  of Old

Kaskaskia  is laid out c lean ’: on the chart.

11. The Board of Examination and Surve’; of . ij s l t S sj i ) ,i River

Chart No. 7 (1908) showed the s ta tus  . i  Old Kaskaskia i t t  t h . .  1908 tim.

franc . Figure 2 shows the pertinent part oh  t h a t  chart. C o m p a r i s u :; O~

the c h a r t s  in F i g u r e s  1 and 2 indicates that a cons ide rab le  amount of

the town s i te  had been captured by the  M i s s i s s i p p i  by 1 ’ - , however ,

Kaskaskia (Old)  is s t i l l  named on i i i . .  cha r t  as wel l  as the ~ i : t -  of the

presen t  day Kaskaskia ( N e w ) .  The exis tence of a remnant  of the town

site was at best uncertain.

12. The May 1974 aerial photography provided a synoptic view of

the  area of interest , see Figure 3. The possible s i t e  of Old Kaskaskia

and the site of the existing town of Kaskaskia are indicated on the

photograph. The May 1974 photographs , at the scale of 1:63,000 did not

provide enough detail for the purpose of this stud y ,  and they h a v i  the

disadvantage of the potential alteration of the ground surface by floods

that occurred along the Mississippi River during the spring of U ) 7 3 .

The January 1970 aerial photograph y ,  with an a p p r o x i m a t e  scale of

1:12 , 000 , was the best i n f o r m a t i o n  available’ for depictin g t he  u u r r e u i t

s t a t u s  of Old Kaskaskia .  Fi gure 4 is a r ep roduc t ion  of a p o r t i o n  of an

indiv idual  f rame of the 1970 ae r i a l  p h o t o g r a p h y  t h a t  shows the pit.-ntia l
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Site-  of Old K a s k a s k i a .  l i e -  app rox  ii: ;at e I r ( - I shown in Fi gure  4 i out-

l ined on t i l e ’ p h i o t o g r a p ll in  i - i gu r e  I .

S t a t u s  01 Old Kaskaskia

13. The 1880 M i s s i s s i p p i R i v e r  C h a r t  No.  110 was used as a base

map since it. was assumed to he t i l e  most  a ccu ra t e  in fo rmat ion  a v a i l a b l e ’

on the location of the site of Old Kaskaskia w i t h  respec t  to the sur-

rounding ter ra in  f ea tu re s .  The ex i s tence  or non—existence of a po r t ion

of the old town could best be established if the c u r r e n t  (1970) river

bank boundary could be accurately displayed on the 1880 chart. For the

purpose of completeness and to provide an intermed iate check , it was

decided to plot  both  the 1908 and 1970 river bank posi t ions on the 1880

char t .

14. P lo t t i ng  the 1908 arid 1970 river boundaries on the 1880 Lioa rt

could only be accomplished if some commo n reference point and coordinate-

system could be established fo~ all three ref erences, tile 1880 chart

(Fi gure 1), the 1908 char t  (Figure  2 ) ,  and the 1970 aerial photograph

(Fi gure 4 ) .  This required a te r ra in  fea ture that  was evident in 1880

and is st i l l  evident on the 1970 photograp h. Examination of the  c h a r ts

in Fi gures 1 and 2 reveals that  the outline of an old f o r t , Fort  Gage ,

is p lo t t ed  on both  char ts .  The fort is located on the nor theas t  side of

the Kaskaskia River directly across the river from Old Kaskaskia on t h e

1880 chart  (Figure 1) and in a similar posi t ion (northeast  of the

Mississipp i River) on the 1908 char t .  Detection of the remnants or

outline of the fort on the 1970 photograph would supply the needed

common point .

15. Close examination of Figure 4 shows that  the out l ine  of

Fort Gage can be detected on the photograph. The fort outline is

apparen t because of surface relief (see Appendix A). The prior posi-

tions of the fort we lls have caused a depression and an adjacent small

rise in the t e r r a i n  tha t  has the precise out l ine  of the f o r t  as shown in

Figures 1 and 2. It is in teres t ing  to note  tha t  the imagery used wa

obta ined  in January when the trees were free of fo l iage , giving .i

re la t ively unobs t ruc ted  view of the terrain su r face .
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16. ‘I hue l o c a t i o n  of For t  Gage on the air iii ph o t o g r a p h  p r o v i d e s

the Iieeess.Iry common ri- fercui ce’ poin t  f o r  p l o t t i n g  the 1908 and 1-170

r iv~-r bank posi t ions  on the 1880 cha r t .  I t  is s t i l l  n t - L - e s ary  to

e s t a b l i s h  a coord ina te  sy s tem common to a l l  three  tie a c c u r a t e l y t r a n s f e r

the i n f o r m a t i o n .  The c h a r t s  in Figures  1 and 2 have a common ‘or d  i I l , l t t -

sy s t e m , the l a t i t u d e  and long i tude  lines shown on th ic  c h a r t - . 11 was

necessary to establish t h i s  coordinate sys tem on the  aer ial phot -r -iphi .

17. TIic 1908 char t  and the aerial  photograph  had a common l inear

f e a t u r e ’ , t h e  s t r a ight  sect ion of ra i l road  t rack at  L i i e  base of t h e  b l u f f

on which Fort  Gage was loca ted . The o r i e n t a t i o n  of the s t r a ight  se c t i o n

of ra i l road t rack w i t h  respect  to the llfles of l a t i t u d e  on the 1908

char t  was used to e s t ab l i sh  the o r i e n t a t i o n  of l int -s of l a t i t u d e  on t i l e

1970 aer ia l  photograph.  ~‘uL this point , g iven that  the c h a r t  and Photo

sc -a le ’s are known , all the  i n f o r m a t i o n  needed to es tab l i sh  the 1908 and

1970 boundaries  of the Mississ ippi  River  on the 1880 char t  was a v a i l a b l e .

Es tabl ishing the river bounctaries for 1908 and 1970 involved measuring

the distance from the soutl.ernmost corner of Fort Gage to the edge of

the river (on the 1908 chart or 1970 photograph)  f o r  a range of azimuth

angles from west to south at 5—degree increments , and , using the appro-

pr ia te  scale fac tor , plott ing those points on the 1880 chart. Figure 5

shows the 1908 and 1970 Mississipp i River boundaries plotted on a

simplified 1880 chart.

18. Examination of Figure 5 reveals that the Mississipp i River

had washed away most of the site of Old Kaskaskia by 1908 , and by 1970

it appears that all traces of the town are gone. Further examination of

the aerial photographs did not reveal any apparent patterns that would

indicate possible remnants of the town site.

Summary

19. This stud y provided information that will assist in the

planning of the St .  Louis Dist r i c t  levee improvement p r oj e c t .  ‘t he

concern over d i s t u r b i n g  or des t roying remnants  of Old Kaskaskia need not

I S
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be a deterrent in the execution of that project. On a broader per spec t ive ,

the study also illustrates how remote sensing imagery can be used to
examine an area for suspected features of historical or archeological

significance.  In many instances, as in this case, new imagery need not
be acquired;  existing imagery can be used to do the job at a much reduced

cost.

15 
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APPENDIX A: REMOTE SENSIN G OF ARCHEOLOG I CAL I- EA T I R K S

1. Recognition or i d e n t i f ic a t i o n  of f e a t u r e s  of . i r e h e o L g i  ui

interest must normally rely on ind i rec t  clues u n l e s s  a p h y s i c a l  f e ’ a t . r e

or structure exists on the terrain surface. Experience’ has shown L ’.

these “clues” are recognizable shapes or p a t t e r n s  In the to!le’~ on a

photo image and tha t for  aeri al pho tograph y a majority of the ’s~ Iouu , ul

pa tterns are due to sur face  relief , plan t mark s, and soil marks.* The

fol l owing paragrap hs b r i e f ly address these clues” ,us well as a feW

miscellaneous features known to provide information of arciieo1 og ic~il

significance.

2. Surface relief. Anomalies in photo image tones caused by

surface relief are usually caused by shadow effects or the intluence of

the relative orientation of the incident energy and the terrain surface’.

This “clue” is best observed when imagery is obtained it  t imes of low

sun ang les . The shadowing e f f e c t  can resu l t  f rom a regular  change in

the earth ’s surface or the surface of a forest canopy.

3. Plant marks. Plant marks are changes in image tones resulting

f rom changes in plant condition or type. The changes in plant condition

or type (causing a change in reflectance) can result from man—made

dis turba nces of the soil such as bur ied wall s, p its , foundations , or

di tches .  The buried unnatural feature can stimulate or inhibit plant

growth .  In ei ther case an anomalous p lant mark can occur .

4. Soil marks. Soil marks are regular  p a t t e r n s  of image tones

related to changes in soil tone (co lor ) ,  texture , or moisture. The~
are normally most apparent after a rain and in cultivated fields. Of

course , soil marks are otT most use in areas w i t h  l i t t l e  or no vege ta t ion

or at times of the year when cultivated fields are bare of vegetation.

5. Miscellaneous features. Other features (clues) of interest

include such things as damp mark s, pa rc h mark s, and snow marks . Damp

marks result from areas of high soil mois eure’ retention ( e . g .  f r o m  a

filled channel or ditch). Parch marks result from plant stress during

dr’i periods (e.g. vegetation growing ove r  a b u r i e d  ha rd  surface univ

* Manual of Pho tograp h i c  I n t e r p r e t a t  ion , Anuc r icI n Sue jetv (It

Pho tog rammet ry ,  Fal ls  C h u r c h , V a . ,  1960
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wilt befo re  that .  in ad jacen t  a reas) .  Snow marks r e s u l t  I ron slight

topograp hical var iations and consist of regular patterns created by

selective snow melting or accumulation of windblown snow.

6. The clues discussed above relate to aerial photograph y;

however , th ue’~ may also Cause-  anomalous  t o n a l  p a t t e rn s  on therma l l i i i  r a —

red (IR) imagery. Any change in surface soil moisture or surface’

material type may create detectable temperature contrasts at sometime

dur ing  the  d i u r n a l  c y c le .  Soil mo i s tu r e  changes are p a r t i c u l a r ly good

sources of temperature anomalies because of the high specific heat of

water compared to air (i.e. having water instead of air in the soil

voids changes the thermal proper ties of the soil volume cons iderabl y).
In addition , small  changes in the orienta tion and magni tude of sur fac e

rel ief change the amount of solar energy absorbed by the material

during the day and cou ld crea te meaning ful temperature anomalies during

the ni gh t .  I t  is yet  to be determined j u s t  how well archeolog ical

fea tures  wi l l  be por t rayed  by the thermal anomalies. The basic physics

of the p henomena involved suggests tha t thermal IR imagery may be a ~‘er~
good tool for archeological reconnaissance surveys.

7. In addition to providing possible visual evidence of the

existence of an archeological f eature , imagery used in conjunc tion with

old charts and historic accounts can provide information about the

approximate position of an archeological site. Relating terrain fea-

tures shown on old charts or described in travel accounts by explorers

to f eatures ev iden t on recen t imagery can hel p es tablish the appr ox imate
location of a site whose position is currently unknown or uncertain.

Th is is especially true in dynamic environments such as river flood—

plains whe re changes in channel shape and posi tion a re common over a

number of years or the direct evidence of a site is masked by sediments

deposited during recent floods.
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